Reasons for performing study: Equine grass sickness (EGS) remains a frequently fatal 19 disease of equids in Britain. Since previous investigations of signalment-and meteorology-20 related risk factors for EGS have yielded some conflicting data, further investigation is 21 warranted.
Introduction
Equine grass sickness (EGS) is a predominantly fatal neurodegenerative disease of equids [1;
44 2]. While the aetiology remains unknown, accumulating evidence suggests that EGS is a 45 toxicoinfectious form of botulism, with neurotoxin production by Clostridium botulinum 46 occurring within the gastrointestinal tract [3; 4] . 47 Signalment-related risk factors have been identified for EGS, but conflicting data from 48 previous studies indicates that further investigation is warranted [5] [6] [7] . EGS affects a wide 49 range of ages (2 months to 47 years) [8] , but risk is considered highest in young animals [4; 50 6; 9]. No consistent breed or sex associations have been identified [4] [5] [6] . 51 Great Britain has the highest prevalence of EGS worldwide, with a high proportion of cases 52 occurring in Eastern Scotland; however cases are also reported from every county in England 53 and Wales [10; 11]. As EGS occurs most commonly in grazing horses/ponies [5; 6; 12], it has 54 been proposed that the geographic distribution of EGS is associated with meteorological 55 factors that predispose to disease development by influencing growth of pasture herbage 56 and/or causal environmental microorganisms [13; 14] . Previous investigations of sun hours, 57 temperature, rainfall and frost in the period immediately preceding the occurrence of EGS 58 have yielded conflicting conclusions [6; 7; 14]. Therefore, the aim of this study was to 59 investigate further signalment-and meteorology-related risk factors for EGS, using the number of sun hours per month (sun hours); number of days in the month with rain (rain 87 days); rainfall per month (rainfall (mm)); number of days in the month with frost (frost days) 88 and the minimum and maximum temperatures (ºC) observed in a month were selected. A 89 number of average values were extracted from these datasets, namely (a) entire 1990 to 2006 90 period, (b) month of hospital admission, and (c) 3, 6 and 12 months prior to admission. 91 Meteorological data were matched to each horse using the OS easting and OS northing 92 associated with the horse. Table 2 . There were lower maximum temperatures where cases were located 143 compared to controls (average difference 0.08-0.13ºC) for all time periods studied. This 144 difference was significant at the month of admission (P = 0.009) and the average of 3 and 12 145 months prior to admission (P<0.028). There were more frost days in cases compared to 146 controls (average difference 0.05-0.2 days), this being statistically significant if 6 or more 147 months were averaged (P = 0.019). More sun hours was observed for cases (average 148 difference 0.01-0.05 h), but only statistically significant for the average of 6 months prior to 149 admission (P = 0.016). There were no statistically significant associations between being a 150 case and either rainfall or rain days, or minimum temperature (P>0.091). Table 3 . 157 No meteorological variable remained in the models if OS northing was included. However, 158 there was still an increased odds of being a case the further north a horse was located 159 (P<0.001). Horses aged 11-20 were still significantly associated with lower odds compared to 160 2-10 year olds (P<0.001), but odds of being a case in <one year olds were no longer different 161 (P<0.240). Native Scottish breeds were still more likely to be cases (P<0.001), and other pure 162 breeds less likely compared to cross-breeds (P=0.018). In addition, stallions were now 163 associated with lower odds of being a case (P = 0.018) compared to mares. This was due to a 164 greater difference in the percentage of cases between mares and stallions aged 2-10 years 165 (57% and 25%, respectively) compared to all mares and stallions (35% and 24%, 166 respectively).
Final multivariable conditional logistic models

167
Given the OS northing results above, the 5 initial models were re-run with OS northing 168 excluded. How far north a horse was located could be considered as not indicative of any 169 aetiologically relevant parameter, and was more likely to be acting as a confounder for other 170 environmental, meteorological or geochemical parameter(s). However, even with excluding 171 OS northing the high degree of correlation between weather variables (Supplementary Item 172 1) made determining the final multivariable conditional models problematic, particularly 173 between the 2 temperature measurements. It was therefore decided to select maximum 174 temperature for entry into the multivariable conditional models as this was more consistently 175 associated with significant univariate conditional results ( Table 2 ). The confounding between maximum temperature are also presented. The results of the final multivariable conditional 178 logistic regression models of meteorological variables are presented in Table 3 . Maximum 179 temperature remained in all 5 models with the odds of being a case decreasing with higher 180 temperature (P<0.011). In addition, the odds increased with sun hours (P<0.009) for all 181 measurements apart from the average of 1990-2006. More frost days was associated with 182 increased odds in the average of the 12 months prior to admission data (P = 0.025). If 183 maximum temperature was excluded, then more frost days were associated with increased 184 odds with the average of 6, and 12 months prior to admission data as well as the average for 185 1990-2006 data (P<0.026), and a slight decrease in the odds with increasing rainfall in the 186 average of the 12 months prior to admission model (P = 0.018).
Discussion
188
This is the largest case-control study to examine signalment-and meteorological-risk factors 189 for EGS [4-7; 9; 12; 14; 16-19]. Cases were predominantly from Eastern Scotland and within 190 this region, the odds of a horse being a case significantly increased the further north the horse 191 was located but was unaffected by how far east. However, rather than acting as a causal 
206
We have identified an apparent increased proportion of native Scottish breeds that were 207 referred because of EGS compared to other breeds. This study is the first study to 208 demonstrate an apparent association between native Scottish breeds and an increased risk of 209 EGS. In addition, there was decreased odds of being a case in the other pure breed horses 210 compared to mixed breeds. One possibility is that we have referral bias in our data -native no evidence for this, but such biases cannot be ruled out. However it may be these results Significant associations were found between EGS and a number of meteorological variables, 228 even if the magnitude of the average differences were not large (Table 2) ; however, the 229 results are further complicated by the high degree of correlation between variables and the 230 lack of any associations if OS northing was included in the multivariable conditional models.
231
The models excluding OS northing revealed that meteorology-related risk factors with an 232 increased risk of EGS were: lower average minimum and maximum temperatures (0.08-233 0.13ºC); greater sun hours (0.01-0.05 h) and frost days (0.05-0.2 days).
234
While the average differences were not large, the overall association of the 455 EGS cases 235 compared to the 910 controls with lower maximum and minimum temperatures appears to be 236 Accepted Article consistent with previous reports that EGS commonly follows periods of cool weather [6; 14].
237
However, these previous studies reported a temporal association between EGS and cool 238 weather, while the present study identified for the first time that horses on premises with 239 lower average maximum and minimum and temperatures were at increased risk of EGS. The 240 association of EGS and more frost days was not strong, and was only apparent for data taken 241 over the last 6 or 12 months prior to a case, with no such associations with frost days more 
262
There was no apparent association between rain days and EGS. Begg [13] suggested that wet 263 weather followed by warm temperature resulted in numerous cases. However, rain days does 264 not appear to be a key determinant of disease occurrence [39] and previous studies report that 265 EGS commonly followed a 2 week period of predominantly dry weather [14] or dry weather 266 followed by rain [6] .
267
There was an association with more average sun hours over the 6 months prior to case and an 268 increased risk of EGS. This is a novel finding, not previously identified with EGS [14]; 269 however again this must be interpreted with caution given the magnitude of intergroup associated with an increased risk of EGS were more sun hours and more frost days, while 295 there was a decreased risk of EGS with higher average maximum temperature. This 296 information will inform owners of high-risk animals, thereby allowing them to prioritise 297 management strategies and assist future studies on the aetiology of EGS. The authors acknowledge support from the Equine Grass Sickness Fund, World Horse intervals and the number in brackets is the total number of horses at that age (cases+controls). 
